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Abstract 
 
Biochars have been successfully synthesized from Cattail leave (CL) via hydrothermal and 
carbonization process. The experimental work described has focused on physical properties of 
biochars produced from Cattail leaves at 160, 180 and 200C for 8, 12 and 24 h for hydrothermal 
and substituted to carbonization at 700C for 2 h. The influences of hydrothermal and 
carbonization on the pore structure, surface functional groups and the product yield was also 
investigated by characterization using Scanning Electron Microscope (SEM) and Fourier 
Transform Infrared Spectroscopy, respectively. Although the morphologies of cell structures were 
maintained in the hydrothermal and carbonization, it was found that the yield of produced biochar 
was decreased with increase of the hydrothermal temperature and time. The images from SEM 
showed that the pore structures are quite roughness on their external surface of biochar and the 
functional group of their surface area has most of pure carbon content (59-65 wt%).  
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1. Introduction 
 
A wide range types of biomass have been utilized for energy, conversion options, end-use 
applications and infrastructure requirements [1]. Biomass is derived from agriculture waste such 
as coconut shell, palm shell, rice straw, coffee ground, etc. [2-3], harvesting forestry and other 
plant residues. The biomass feedstocks have been collected, transported and possibly stored, 
before being processed into a suitable form for energy conversion technology [4-5]. The energy 
produced from used of biomass is only one of renewable energy that can reduce the impact of 
energy production, in which there are many ways to minimize such effects as a GHG emissions. 
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 Cattail wetland plants are weed found in all area throughout Thailand, generally grow and 
spread vigorously under the right conditions through their root systems and seed. The seeds 
germinate rapidly under hot, moist conditions and can be ready for transplant in just a few months, 
which gives the main cause of the flooding and spoiling. Cattail leaves can be used as the cheapest 
source for energy production, carbon sequestration, and as an essential element for the production 
of hydrochars and active carbons [6]. In the past few years, the conversion of biomass waste into 
valuable carbon materials has received considerable attention due to the ability to produce 
hydrochars with attractive characteristics that promote efficiency for a variety of applications [7-
12] such as supporting materials for environment, energy technology and improvement of bio-oil 
properties [13]. 
 Traditionally, carbonization is a thermochemical conversion process that can be applied 
for the development of biomass to carbon materials. On the other hand, hydrothermal-
carbonization is the technique to modify chemical structure using water for conversion of biomass 
to carbon products which gives higher yield than carbonization [14-17]. Most organic matters in 
raw materials for feedstocks are transformed into solid, depending on the temperature and time via 
hydrothermal-carbonization process. The formation of biochar from lignin materials via direct 
solid conversion of biomass formation [18] and polymerization or condensation monomer 
generated from decomposition of biomass are proposed [19]. 
 In this study biochar was prepared from Cattail leaves by hydrothermal and carbonization 
process. The produced biochars were characterized by Scanning Electron Microscope, Elemental 
Analyzer and Fourier Transform Infrared Spectroscopy. This research work aims to study the 
effects of hydrothermal-carbonization temperatures and times on the pore structure, elemental 
contents, surface functional groups and yields of resulting product. The potential applications of 
biochar derived cattail leaves as an alternative energy were also examined. 

 
 

2. Materials and Methods  
 
2.1 Preparation of raw material  
 
Lignocellulosic biomass from Cattail leaves (CL)(Typha angustifolia Linn.)  was used as raw 
material for producing biochar. Cattail is generally a weed that can be found in all areas 
throughout Thailand. Cattail leaves biomass were dried at 110C for 24 h to remove moisture, then 
crushing into smaller size using a knife mill. 
 
2.2 Hydrothermal-carbonization of Cattail leaves 
 
Regarding biochar production, 20 grams of CL biomass were mixed with 400 ml of deionization 
water and then reformulated with hydrothermal at 160, 180 and 200C for 8, 12 and 24 h in 
stainless-steel chamber. Then, the samples were carbonized at 700C under nitrogen flow in 
stainless-steel reactor for 1 h by a ramp rate at 10C/min. All experimental conditions for biochar 
derived from CL were shown in Table 1. The resulting biochar produced at 160, 180 and 200C 
for 8, 12 and 24 h was labeled as CL-160-8, CL-160-12, CL-160-24, CL-180-8, CL-180-12, CL-
180-24, CL-200-8, CL-200-12 and CL-200-24, respectively. 
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Table 1. Conditions of biochar derived from Cattail leaves. 
 

Sample Temperature (C) Time (h.) 
CL-160-8 160 8
CL-160-12 160 12
CL-160-24 160 24
CL-180-8 180 8
CL-180-12 180 12
CL-180-24 180 24
CL-200-8 200 8
CL-200-12 200 12
CL-200-24 200 24

 
2.3 Characterization of biochar derived from Cattail leaves 
 
The production yield of biochar was calculated with applied formula as follows: 
 

Y (%) = m/m0 x 100 
 
Where Y is the yield (%) of produced biochar, m is mass of produced biochar (g), and m0 is raw 
cattail leaves biomass (g). 
 
 In order to observe the pore structure, elemental contents and surface morphologies of CL 
derived biochar with different hydrothermal-carbonization conditions, these samples were 
examined using high-resolution scanning electron microscopy (SEM, Zeiss EVO MA 10). Due to 
the chemical compositions of biochar products rich in lignocellulosic components, the elemental 
analysis of resulting materials was conducted using an elemental analyzer (Elementar, Vario EL 
III) in terms of carbon (C), hydrogen (H) and nitrogen (N) wt%. The surface functional groups of 
biochar were analyzed by Fourier-Transform Infrared Spectroscopy (FT-IR, Perkin Elmer 
Spectrum). The spectra were performed between 4000-400 cm-1 to observe the influences of 
hydrothermal-carbonization conditions on the efficiency of carbon conversion to the biochar 
products. 

 
 

3. Results and Discussion  

 
3.1 Yield of biochar products 
 
The thermal decomposition of biochar during hydrothermal-carbonization experiment produced 
three products including solid char, condensable liquid and non-condensable gas, the relative 
amounts of three products depend on experimental conditions. The yield of biochar is defined as 
the ratio of the weight of biochar after carbonization to the weight of the raw materials as seen 
from the applied formula in previously reported [20]. On the other hand, the hydrothermal 
temperature and time play an important role in the yield (%) of biochar. As seen from Figure 1 the 
yield of resulting biochar products decreased, this is due to the loss of volatile materials with 
increasing hydrothermal-carbonization temperature and time. It should be noted that the yield (%) 
of the resulting biochar prepared at a specific hydrothermal temperature for the hydrothermal time 
of 24 h (CL-160-24, CL-180-24 and CL-200-24 was about 43.04, 41.77 and 47.29% respectively) 
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was higher than the hydrothermal time (8 and 12 h), the presence of time promotes the re-
polymerization [21] of constituent biopolymer, hydrothermal sample is influenced by hydrolysis 
which is the determining first step that exhibits water soluble organic compounds. The solid 
product is subsequently formed by re-condensation reaction of soluble organic compounds in 
water, resulting in the increased yield of biochar. The availability of the fragments from hydrolysis 
in the liquid phase offers a huge potential to influence product characteristics due to the excessive 
duration of holding time during hydrothermal carbonization. 
 

 
 

Figure 1. The effect of hydrothermal-carbonization temperature and time on the yield of biochar 
products. 
 
3.2 Morphology of the resulting biochar products under SEM observation 
 
Scanning Electron Microscope (SEM) measurements were performed using SEM Zeiss EVO 
MA10 operated at 10 kV to observe the surface morphology and pore structure of resulting 
biochar products derived from Cattail leaves biomass. Figure 2 (a-i) shows SEM image of biochar 
hydrothermal-carbonization at 160, 180 and 200C for 8, 12 and 24 h, respectively. The biochar 
sample displayed a much rougher and irregular surface textures when the temperature and time of 
the hydrothermal-carbonization increased. However, at the highest hydrothermal time (24 h), the 
pore structure was changed due to heat shrinkage as shown in Figure 2 (c), (f), (i). A various 
cavity on their surface resulted from the thermal decomposition of lignocellulosic polymer (i.e. 
cellulose, hemicellulose and lignin). Under the experimental conditions, a hydrothermal 
temperature of 200C for 12 h as seen in Figure 2 (f) was found to be the optimization of pore 
structure for desired biochar product. 
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Figure 2. SEM images (300X, 500X) of biochar products from hydrothermal-carbonization at (a) 
160C-8 h. (b) 160C-12 h. (c) 160C-24 h. (d) 180C-8 h. (e) 180C-12 h. (f) 180C-24 h. (g) 
200C-8 h. (h) 200C-12 h. (i) 200C-24 h. 
 
3.3 Elemental analyses of biochar products 
 
The results of CHN contents are shown in Table 2. The analysis was done by using elemental 
composition of HTC products. Obviously, theses products were rich in carbon contents, which 
should be derived from lignocellulosic materials as Cattail leaves biomass. The carbon contents in 
the biochars were around 59-65 wt%, thus resulting in relatively high carbon contents. It should be 
noted that the hydrogen contents of resulting biochars at specific hydrothermal-carbonization 
temperature for the hydrothermal time at 24 h were higher than at 12 and 8 h, which could be 
attributable to the efficiencies of carbon at the long hydrothermal holding time. In contrast, the 
carbonization process could create more percentage of carbon content. In comparison, the 
elemental contents of a typical carbon product used in alternative application such as carbon 
sorbent (activated carbons) was found to be more percentage of carbon content (above 70%). 
More interestingly, an increase in the textural pore characteristic of biochar products is associated 
with increasing hydrothermal-carbonization temperature and holding time.  Carbon content (%) 
was also increased while hydrogen and nitrogen contents were decreased. 
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Table 2. Elemental contents of biochar products 
 

Sample C (wt%) H (wt%) N (wt%) 
CL-160-8 61.720 0.762 1.390 
CL-160-12 63.931 0.175 1.501 
CL-160-24 60.613 0.705 1.408 
CL-180-8 61.406 0.792 1.635 
CL-180-12 61.566 0.730 1.433 
CL-180-24 64.411 0.127 1.829 
CL-200-8 59.521 0.474 1.867 
CL-200-12 60.516 0.685 1.794 
CL-200-24 60.987 0.724 1.844 

 
3.4 Functional group of biochar products 
 
The carbon matrix does not consist of carbon atoms alone, but is bonded with any atoms like 
oxygen, hydrogen and nitrogen, etc. These govern the surface chemistry of the biochar products 
[22]. Infrared spectroscopy provides the functional group on the surface area of products and 
depending on the precursor and the synthesis steps. The bands of biochar observed in Figure 3 
after hydrothermal-carbonization were characterized by using Fourier-Transform Infrared 
Spectroscopy (FT-IR, Perkin Elmer Spectrum). Considering the FTIR spectra of the biochars as 
described by Lu et al. [23] with the bands covering similar or the same wavelength as observed for 
the investigated carbon, the FTIR spectra of biochar derived from Cattail leaves also show strong 
bands at 1000-930 cm-1 due to the C-O and C=C stretching vibrations which was related to 
cellulose and hemicellulose usually found in any plants. The bands at 1600 cm-1 are due to 
vibration mode of C-O stretching and are designated as the lignin group. The bands at 2920 cm-1, 
C-H stretching are also designated as the lignin group. The region from 3420-2840 cm-1 represents 
the O-H stretching vibrations and is designated as the surface functional group in hydroxyl group 
and water. Moreover, the bonding of carbon to the other atoms contained in the raw materials such 
as nitrogen, oxygen and hydrogen is found.  These are the bonds of organic compounds in the 
biomass and after hydrothermal carbonization the bonding of these compounds is destroyed due to 
the hydrolysis from water and thermal cracking from thermal treatment, resulting in the peaks of 
the FTIR spectrum. The intensity of the compounds such as C-N is extremely low and cannot be 
observed in the FTIR results. 
 FTIR spectra of biochar products with different hydrothermal temperatures and times are 
illustrated in Figure 3 and percentages of surface functional group that appeared on the surface of 
resulting materials (calculated by integrated information obtained from the graph) are represented 
in Figure 4. By considering the percentage of functional group with an increasing hydrothermal 
temperature, a number of change was found in the bands approximately at 1000-930, 1600 and 
2920 cm-1 with the presence of carbon vibrations around 2-30%. It could be explained that there 
was the transformation of organic compounds to carbons. The relative intensity of the bands at 
approximately 3420-2840 cm-1 decreases about 10% when compared to their intensity of Cattail 
leaves precursor, which is resulted from the evaporation of water molecules during the process. 
However, it can be noticed that all carbons are observed at the bands of 1600 and 2920 (Figure 3). 
The bands between around 1000-930 cm-1 have often been observed for carbons and carbonaceous 
materials [24]. The increased temperature and carbonization holding time also exhibits more 
releasing of volatile substances and represented as high purity of carbon product. 
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Figure 3. FTIR spectra of the biochar products prepared by hydrothermal-carbonization at 
different temperatures and times. 

 

 
 
Figure 4. Percentages of the surface functional group of the biochar products prepared by 
hydrothermal-carbonization at different temperatures and times. 
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4. Conclusions 
 
This study represents high potential of biochars prepared from Cattail leaves biomass via 
hydrothermal-carbonization process. Hydrothermal temperature significantly affects the pore 
development, elemental contents and surface functional group of biochars. The yields of resulting 
products produced by hydrothermal-carbonization process are higher than only carbonization 
process. The pore properties of resulting materials and carbon conversion efficiencies are  
increased. More interestingly, the resulting biochars have significant carbon contents of 59-65 
wt%, with lower nitrogen and hydrogen contents. Further study should be investigated on 
conversion of biomass to be used as alternative energy. 
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